The use of crop rotation in hydromorphic soils has been intensified in the state of Rio Grande do Sul, Brazil. Due to the difficult management of these soils, the use of irrigation is fundamental to increase the reliability of these production ecosystems. The present study aimed to evaluate the growth and yield components of corn under different managements of furrow irrigation. The study was conducted in Alegrete/RS in the experimental area of the Farroupilha Federal Institute during the 2017/2018 season. Two factors were evaluated: five managements of furrow irrigation, with a control (not irrigated) and 0, 25, 50 and 100% of the time required to replace the irrigation depth up to field capacity, and the influence of plant position relative to the total length of the furrow, at 0, 25 and 50 meters from its beginning. During the growth stage of corn, its LAI showed better performance for the three collections, at 34, 54 and 76 DAS, and plant height and shoot dry matter showed differences at 76 DAS in treatments that received irrigation. Yield components such as number of grains per ear, harvest index and grain yield were influenced by the use of irrigation, whereas water use efficiency did not differ between the use of irrigation and the control treatment. Lastly, best performances of application efficiency were found in treatments with 0% and 25% of the time required to replace the irrigation depth.
Introduction
The area cultivated with rice in Brazil in the 2017/18 season was 1.94 million hectares, with a yield of 5,802.0 kg ha -1 . The Rio Grande do Sul state is the largest producer of this cereal in Brazil, with an annual cultivated area between 1.0 and 1.1 million hectares, producing 7,293.0 kg ha -1 on average in the 2017/18 season (CONAB, 2018), predominantly using flood irrigation.
Areas cultivated with irrigated rice in the state are infested by weeds, and red rice is the main invasive species, directly interfering with yield and remuneration paid to producers. The main difficulty in controlling red rice is because it belongs to the same family as the cultivated rice and, in addition, seed dormancy leads to uneven germination during the rice crop cycle (Rubin et al., 2014; Sartori et al., 2014; Souza et al., 2012) .
Crop rotation is an alternative to reduce weed infestation in irrigated rice areas because it helps break the cycles of diseases and control invasive species (Vernetti Jr et al., 2009; Souza et al., 2012) . The corn crop is widely used in rotation systems and can be grown in different periods of the year (Buso & Arnhold, 2016) .
In Rio Grande do Sul, corn sowing in irrigated production systems is preferably carried out in October, since its highest demand for solar radiation and largest leaf area will occur from December to January. The occurrence of water deficit during the tasseling and grain filling stages is extremely harmful to the yield of the crop (Serpa et al., 2012; Vian et al., 2016) .
In order to reduce stresses caused by the environment to the crop, corn can be used in rotation with irrigated rice, adopting adequate management techniques. One of them is the use of ridges for sowing because the formation of furrows between the cultivation rows helps both drainage and irrigation, favoring the utilization of corn in this context (Sartori et al., 2015; Faraco et al., 2016; Giacomeli et al., 2016) .
The use of surface irrigation in these areas is favored because all the necessary structure already exists. In addition, the use of irrigation favors better development of the crop, directly influencing its components of production and, according to Sui (2018) , it is necessary to guarantee the production of the crops.
Hydromorphic soils are characterized, according to Azouzi et al. (2015) , for long periods of water saturation. In addition, according to Van Breemen and Buurman (1998) , the presence of a slowly permeable horizon and the periodic changes cause redox processes, which result in the typical marbled appearance of the diagnostic horizon. Although several authors have directed their studies to make alternative crops viable in hydromorphic soils, results referring to furrow irrigation are still scarce. Therefore, this study aimed to evaluate the growth and yield components of the corn crop under different managements of furrow irrigation.
Methodology
The study was conducted during the 2017/18 season, in the lowland experimental area of the Farroupilha Federal Institute (IFFar)-Campus of Alegrete, in the west border physiographic region in the state of Rio Grande do Sul, Brazil, located at altitude of 90 meters, at 29°42′57.43″ S and 55°31′54.10″ W. The climate of the region, according to Köppen's classification (Moreno, 1961) is Cfa, humid subtropical without dry season and with average temperatures of 14.3 ºC in the winter and 26.3 ºC in the summer, and average annual precipitation of 1400 mm. The soil of the experimental area is classified as Gleissolo Melânico típico (Entisol) (Dos Santos et al., 2018) and, according to its physical analysis, it has a silt loam texture, with bulk density of 1.54 (g cm -3 ) and total porosity of 41.60%, with 36.64% of macropores and 63.36% of micropores.
The experiment was carried out in a randomized block design with a two-factor arrangement. The first factor evaluated was the influence of different irrigation depths, determined by the times of water replacement in soil at the end of each experimental unit, with a control treatment with no irrigation (N.I.); D1: 0%, which consisted of only the time of water advance in the furrow; D2: 25%; D3: 50% and D4: 100% of the time necessary to replace the required water depth up to field capacity at the end of each experimental unit. The second factor evaluated was the position relative to the initial part of the irrigation furrow, namely A1: beginning of the furrow (zero meter); A2: middle of the furrow (25 meters) and A3: end of the furrow (50 meters), and the collections were carried out as close as possible to these distances. The furrows were built with 0.1% slope and the experimental units were 3 m wide and 50 m long, totaling 150 m 2 .
Furrows and ridges were built concomitantly to the sowing, using a seeder-fertilizer machine with a furrowing mechanism, which performs the three operations simultaneously. The seeder has 6 furrowing shanks in the sowing lines for fertilizer placement and 3 moldboard mechanisms, responsible for creating furrows and ridges.
Corn sowing was carried out on December 7, 2017, using the early-cycle hybrid Agroceres AG 8780 VT PRO3 at sowing density of 70,000 plants per hectare. Basal fertilization was performed according to soil chemical analysis, using 140 kg ha -1 of nitrogen (N), 150 kg ha -1 of phosphorus (P) and 140 kg ha -1 of potassium (K). The fertilizer applied had a 5:20:20 formulation and 400 kg ha -1 were distributed along the sowing line. The remaining portion necessary to meet the recommendation was applied as top-dressing; nitrogen was split into two applications of 90 kg ha -1 , at V3 and V6 stages.
Plant analyses were conducted at the positions of beginning, middle and end of each experimental unit. Leaf area index (LAI), shoot dry matter and culm diameter were evaluated at the stages V6, V10 and VT, respectively, by collecting 5 plants at each position. Yield components were evaluated by collecting ears within a 5 m² area at the three positions evaluated.
Water was distributed in the furrows using poly-pipes with 1" outlets during the phase of water advance in the furrow and ¾" outlets during the phase of replacement of the irrigation depth required. Soil volumetric moisture was monitored by 10HS capacitance sensors and the data were stored in a datalogger along the entire crop cycle. During the phase of water advance, the flow rate used was 0.80 L s -1
, which is the maximum flow rate not to cause soil erosion. After this phase, the initial flow rate was reduced by 50% and remained constant during the entire phase of irrigation depth replacement. As a criterion, the reference adopted, according to Sartori et al. (2015) , was the average limit of soil moisture in the layer of 0.0-0.2 m equal to 60% of the upper limit of soil water availability.
The water volume drained at the end of the experimental unit was quantified using flat-bottom gutter installed at the end of the furrow, which was calibrated and showed the following equation: Q f = 0.3488·h 1.1651 ( 1) where, Q f = Outlet flow rate (l min Note. Means followed by the same letter do not differ significantly in the column; *means do not differ significantly; ** not irrigated; *** coefficient of variation.
As can be seen in Table 1 , culm diameter was not influenced by irrigations along the growth of the crop, whereas plant height and shoot dry matter showed better performance in irrigated treatments only in the last collection, at 76 DAS, with no difference between treatments with irrigation. Corroborating these results, Gollo (2016) conducted an experiment in Planossolo (Alfisol) to evaluate the effect of furrow irrigation on the corn crop and found no difference between treatments during the vegetative growth period for plant height and culm diameter.
Leaf area index (LAI) showed better performance in irrigated treatments in the three analyses carried out during the corn growth period. Fiorin et al. (2009) , in experiment conducted in two seasons influenced by the phenomenon El Niño, obtained similar LAI for treatments in ridges with and without irrigation. In the present study, however, LAI was influenced by the irrigations because, during the growth stage, there was a period without precipitation in the initial stage of crop establishment (18 to 38 DAS).
The position along the experimental unit did not cause significant difference in the corn growth components evaluated. The precipitation regime during the vegetative period favored corn growth in the non-irrigated treatment because, immediately after the irrigations for the 4 treatments, precipitations occurred and increased the volume of water stored in soil. As a result, plant growth was not affected by water deficit, which justifies the better performance of treatments with irrigation. According to Baumhardt et al. (2013) ; Benjamin et al. (2015) , under conditions of scarcity in the water supply, an adequate water supply in the reproductive period should be prioritized for the crop, because this is the most sensitive stage to water deficit, which may cause severe reductions in grain yield.
According to Astuce and Tic (2011) , there are critical parameters to determine the yield of the pasture: the soil characteristics, the time between two irrigations and the amount of water per irrigation. The highest yields, according to Trolard et al. (2016) , are obtained in hydromorphic soils or in soils with the highest water retention capacity. Note. Means followed by the same letter do not differ significantly in the column; * means do not differ significantly; ** not irrigated: *** coefficient of variation.
Based on Table 2 , it can be inferred that the number of grains per ear and harvest index differed significantly between the irrigation depths applied and the non-irrigated treatment. For the positions along the experimental unit, there was no significant difference between treatments. However, the results showed a variation of 677 (kg ha -1 ) between the positions middle and end of the experimental unit. Such reduction of yield at producer level must be considered in the planning of the plantations. Maas et al. (2015) , in a study conducted in the 2013/14 season with 4 corn hybrids and two irrigation systems (sprinkler and furrow), in the city of Cachoerinha at the Central Depression of Rio Grande do Sul, in a Gleissolo Háplico típico (Entisol), found differences in the yield components between irrigated and non-irrigated treatments. The treatment under furrow irrigation showed an average of 518 grains per ear for the four hybrids tested, whereas in the treatment without irrigation the number of grains per ear was only 182. The results obtained in the present study for irrigated treatments were similar to those mentioned above, but the value found in the treatment without irrigation was 2.2 times higher than that found by these authors. Faraco et al. (2016) , in an experiment conducted with furrow and flood irrigation, evaluating three positions along the plot with 0.08% slope, found no significant difference in the yield components in analyses carried out along the experimental unit under furrow irrigation management. By contrast, in the treatment under flood irrigation, the end of the plot showed a significant reduction of grain yield. The results found by Maas et al. (2015) and Faraco et al. (2016) are consistent with those observed in the present study, in which the position along the plot had no influence on corn yield components and the use of irrigation techniques resulted in their increment. Zheng et al. (2019) conducted a global survey of data published from 1970 to 2018 for the corn crop, containing 1490 field observations in 21 countries, with experimental data divided into irrigated and non-irrigated. As research results, these authors found in irrigated treatments significant increases of 14.90%, 8.34% and 8.43% in the number of grains per ear, ear diameter and harvest index, respectively. These results corroborate those found here, where the increments in the number of grains per ear and harvest index were 14.03%, 14.95%, 14.74%, 12.77% and 20.00%, 21.78%, 20.79%, 18.06%, respectively, for treatments with 0, 25, 50 and 100% of the time to replace the required water depth. For ear diameter, the result was lower than those found by these authors and did not differ between the treatments tested.
Non-irrigated and irrigated treatments differed with respect to crop yield, which increased by 53.26%, 46.53%, 53.19% and 44.81% in the treatments with 0, 25, 50 and 100% of the time required to replace the irrigation depth. For Zheng et al. (2019) , complementary irrigation along corn development with a 146 mm water depth contributed to a 30.35% increase in grain yield. The increment of grain yield was superior in the present study, but the irrigation depth applied in all irrigated treatments was larger than that used by the above-mentioned authors. The best application efficiencies obtained in the present study were 89.46% and 81.66%, in the treatments with 0 and 25% of the time of water replacement, respectively, leading to water saving of 38.75% and 30.95%. In addition to the environmental importance of saving water, these more efficient managements are alternatives to its better use. Moreover, since water consumption is high when corn is used in rotation with irrigated rice, reducing such consumption in these areas of rotation is essential to avoid shortage of water for either crop.
Conclusions
For the irrigation managements used in the present study, the evaluated positions along the experimental unit did not cause differences in corn growth and yield components for the size of the plots tested.
Yield components positively responded to the use of irrigation. For grain yield, there were increments of 44.81% and 53.26% in the treatments with 100% and 0% of the time of irrigation depth replacement, respectively, compared to the non-irrigated treatment.
Corn growth and yield components were not influenced by the irrigation managements.
Irrigation managements with 0% and 25% of the time necessary to replace the irrigation depth obtained the best application efficiencies.
